Phytocoenological traits of forests of sessile oak in the area of Zrinska Gora were investigated in 2009. Phytocoenological research was conducted using a method of the Zürich-Montpellier School. A comparison was made with acido-thermophilic forests of sessile oak from central and north-western Croatia, then from Slovenia and the Mescek Mountains in Hungary.
InTRODUCTIOn
Acido-thermophilic forests of sessile oak, placed in the order of Quercetalia robori-petraeae, grow in the colline and montane belt of northern Croatia (300-800 m). The soil is acidophilic and the climate is temperate (9-11 °C, precipitation 800 to 1100 mm). Sessile oak, the dominant species in the tree layer, is permanently accompanied by sweet chestnut (Castanea sativa), manna ash (Fraxinus ornus) and wild service tree (Sorbus torminalis), while beech and hornbeam (Fagus sylvatica and Carpinus betulus), except in some sporadic stands with sweet chestnut, have a subordinate role.
Compared with the related Central European associations of the same syntaxonomic affiliation (Luzulo-Quercetum Hillitzer 1932, Genisto pilosaeQuercetum Zólyomi et al. 197 , partly Melampyro vulgati-Quercetum petraeae Puncer et Zupančič 1979 and others), these forests are characterized by the presence of a large number of species predominantly distributed in southern and south-eastern Europe. These include acido-thermophilic species Castanea sativa, Chamaecytisus hirsutus, Luzula forsteri, Lathyrus linifolius, Dianthus barbatus, and thermophilic species on acid soils Fraxinus ornus, Sorbus torminalis, Potentilla micrantha, Campanula persicifolia, and Sedum telephium ssp. maximum. Besides these, the following differentiating species of predominantly mesophilic character are also important: Cruciata glabra, Galium sylvaticum, Cephalanthera longifolia, Festuca drymeia, Carex pilosa and others. On the other hand, Betonica officinalis, Teucrium scordonia, Genista pilosa and Deschampsia flexuosa are either absent or occur very rarely in sessile oak communities in Croatia, while Calamagrostis arundinacea, Vaccinium myrtillus and Calluna vulgaris are relatively rare. In contrast to central Europe, tree species such as Pinus sylvestris, Picea abies, Quercus robur, Sorbus aucuparia and Fraxinus excelsior do not occur at all (Horvat 1938 , Šugar 1972 , Hruška Dell' Uomo 1974 , Vukelić 1991 , Vukelić & Baričević 1996 , Baričević 2002 , Trinajstić 2008 , Vukelić et al. 2008 , Medak 2009 ). For reasons of floristic, geobotanic and ecological differences, it was proposed that the above associations growing south of pre-Alpine-Alpine areas be placed into separate alliances or suballiances (Soό 1962 , 1971 , Vukelić 1991 . This has already been done with the suballiance CastaneoQuercenion (SoÓ 1962 (SoÓ em. 1971 ) kevey in kevey et Borhidi 200.
Phytocoenological traits of forests of sessile oak in the area of Zrinska Gora were investigated in 2009. As the phytocoenological analysis showed, these forests could be described as a new association due to the fact that they differed in some basic characteristics from the associations described earlier. The new association was named Potentillo micranthae-Quercetum petraeae. A comparison was made with acido-thermophilic forests of sessile oak from central and north-western Croatia, then from Slovenia and the Mescek Mountains in Hungary.
MATERIAl AnD METHODS
Phytocoenological research was conducted in 16 localities on Zrinska Gora using a method of the Zurich-Montpellier School (Braun-Blanquet 1964) with a six-point scale. Phytocoenological relevés were taken from the plots of 400 m² between April and August 2009. Sixteen relevés with their participation percentages are presented in analytical form in Table 1 , whereas a comparison between the studied communities and the related communities in adjacent areas (Luzulo forsteri-Quercetum petraeae from Mescek, Festuco drymeiae-Quercetum petraeae from Moslovačka gora, Hieracio racemosi-Quercetum petraeae from nW Croatia and Melampyro vulgati-Quercetum petraeae "submediterraneum" from Brkini) is shown in Table 2. The species participation percentage in all the relevés is also given.
A statistical comparison was made by entering all the phytocoenological relevés into the Turboveg database (Hennekens & Schaminée 2001) . This was followed by a classical synthetic analysis of the phytocoenological relevés and a multivariate analysis using Syntax 2000 software (Podani 2001) . Two methods of multivariate statistical analysis were used: cluster analysis (complete link, group average, simple average, incremental sum of squares) and multivariate scaling (Principal coordinate analysis /PCoA). The measure of dissimilarity or similarity was the complement of the "Similarity ratio" coefficient.
Average Ellenberg's values were calculated for each relevé with JUICE 6.3 software (Tichý 2002) . The obtained data were processed with STATISTICA 8.0 (StatSoft Inc 1984 -2008 . The kruskal-Wallis test was used to determine which ecological factors were important for distinguishing the associations. riod is 17.7 °C. The total annual precipitation is 90.7 mm, of which 08.9 mm, or 6.19 %, occurs in the vegetation period.
The investigated association is predominantly developed on southern expositions, at heights between 300 and 00 m above the sea, with inclinations ranging from and 3 degrees (Figure 1) . The dominant soil types are luvisol and dystric cambisol. In the adjacent community Aposerido foetide-Castanetum sativae, which is the most represented chestnut phytocoenosis on Zrinska Gora, seven analyzed profiles contain luvisol, in which the pH of the humus-accumulative horizon ranges between and . (Medak 2009).
RESUlTS AnD DISCUSSIOn
The floral composition of the association under study is shown in the analytical Table 1 . A total of 66 species of higher plants and 9 of mosses were recorded in the relevés. Of these, 24 species are present in over 0 % of the relevés. These include the basic species of the order Quercetalia roboripetraeae and lower units: Castanea sativa, Luzula luzuloides, Hieracium racemosum, Genista tinctoria, Festuca heterophylla, Veronica officinalis, Luzula forsteri, Chamaecytisus hirsutus and the moss Dicranella heteromalla. Ten species from the order Fagetalia and lower units were identified (Fagus sylvatica, Festuca drymeia and Galium sylvaticum in over 0 % of the relevés) and 10 from the order Quercetalia pubescentis, of which 3 occurred in over half of the relevés (Fraxinus ornus, Sorbus torminalis and Potentilla micrantha).
The association Potentillo micranthae-Quercetum petraeae was compared with four associations from neighbouring areas, with which it manifests the highest similarity (Table 2) . They all belong to the same syntaxonomic units, with sessile oak as the edifier. In relation to similar forests north of the Alps, they are characterized by the Mediterranean influence, which has had an effect on their floristic composition. In addition to the larger number of species from the order Quercetalia robori-petraeae, there are also mesophilic species of the order Fagetalia and thermophilic species of the order Quercetalia pubescentis, depending on the local characteristics of the mountains. The following associations were compared:
Festuco drymeiae-Quercetum petraeae (Janković 1968) Hruška Dell' Uomo 1974 stretches from Fruška Gora in the east to Moslavačka Gora in the west, where it represents the boundary community Quercetalia robori-petraeae towards beech and hornbeam forests (Hruška Dell' Uomo 1974 , Janković & Mišić 1980 , Baričević 2002 Hieracio racemosi-Quercetum petraeae Vukelić 1991 nom. invalid occurs on southern slopes of north-western mountains in Croatia, where it reaches a height of 700 m. It grows on shallow and medium deep dystric cambisol above schists and sandstones. Due to the geographic position there is a more distinct presence of acidophilic forests of the central European region. In addition to other species, the association features Vaccinium myrtillus, Calluna vulgaris, Molinia caerulea ssp.
arundinacea, Calamagrostis arundinacea, Prenanthes purpurea, which are either absent or much less frequent in sessile oak communities growing more eastwards. Particularly distinct are Hieracium umbellatum, Lathyrus linifolius, thermophilic Lathyrus niger, Tanacetum corymbosum, Sorbus aria and fagetal Knautia drymeia ssp. drymeia and Cruciata glabra. The total number of species also occurring in the association Potentillo micranthaeQuercetum petraeae is 130, of which 37 are common to all (28 %).
Melampyro vulgati-Quercetum petraeae "submediterraneum" Puncer et Zupančič 1979, described in the area of Brkinov in Slovenia, covers southern positions up to 740 m. It contains a large number of differentiating species of acidophilic forests of sessile oak from the Atlantic -sub-Atlantic and continental region. In addition to the species mentioned in the previous association, of special interest are Potentilla erecta, Chamaespartium sagittale, Deschampsia caespitosa, Genista pilosa, Juniperus communis and others (Puncer & Zupančič 1979) . There are 23 % species that also occur in the association Potentillo micranthae-Quercetum petraeae.
The association Potentillo micranthae-Quercetum petraeae features the fewest number of species. Its differentiating species clearly discriminate it from other associations. Of the syntaxonomic categories to which it belongs, it contains the species Genista tinctoria, Chamaecytisus hirsutus and the moss Dicranella hetermomalla. Beech species include Cephalanthera longifolia and Galium sylvaticum, and species of broader sociological tolerance include Viola alba and Dianthus armeria. This set of differentiating species characterizes the community both in the sociological and ecological sense. Potentilla micrantha, the species which gives the association its name, is a clear indicator of ecological-sociological relations in the association. Potentilla micrantha is a species of dry, slightly acidic, medium poor to rich, skeletal, aerated soils, semi-light terrains and warm sites. It is native to southern and especially south-eastern Europe and Asia Minor. It is significantly represented in forests of oriental hornbeam (Carpinus orientalis) in northern Greece, southern Bulgaria and Macedonia, subcontinental forests of sweet chestnut (Castanea sativa), and especially in forests of Hungarian oak in Serbia (Quercus frainetto). Thus, in the thermophilous deciduous forests in Southeastern Europe (Bergmeier & Dimopoulos 2008 , čarni et a. 2009 ). In the western part of the Balkan Peninsula it is very common in acidophilic forests of sessile oak and continental chestnut forests, but less frequent in Illyrian beech forests of the alliance Aremonio-Fagion. It may even reach the range of Illyrian beech-fir forests. Most authors classify it among the characteristic species of the order Quercetalia pubescentis, and less frequently among Quercetalia robori-petraeae.
Five described associations with a total of 93 relevés were compared in Table 2 . 88 species were identified which either differentiate the associations from one another or from group to group. These species largely coincide with the species which the authors have denoted as characteristic or differential in the original description of the associations. However, the species that identify the association do not include only the differentiating and other species, but also those that do not grow in the association but are represented in other associations. This "negative differentiation" is partly reflected in the results of statistical comparison of the associations in Table 2 . namely, a comparison of the associations, especially the species of the order Quercetalia robori-petraeae, gives the impression that the studied association is the most similar to the association Luzulo forsteri-Quercetum petraeae from Mescek in Hungary, and that it could possibly be joined to the latter. These two associations are linked by a large number of joint species from the order Quercetalia robori-petraeae. Other important links are Luzula forsteri, Tilia tomentosa and Potentilla micrantha.
Statistical analysis (Figure 2 ), however, shows completely different relations. These associations are different and individual at a very high level. The Hungarian association, in comparison with the others, shows distinct independence. Unfortunately, in the relevés at our disposal, no mosses were recorded in the association derived from the Mescek Mountains. With mosses, the comparison would be more reliable. The difference between the association Potentillo micranthae-Quercetum petraeae and the others is reflected in the fact that the former either lacks or contains very few of the important species of acido-thermophilic sessile oak forests, such as Melampyrum vulgatum, Chamaecytisus supinus, Solidago virgaurea, Lembotropis nigricans and Hieracium sabaudum. Of the species from the order Quercetalia pubescentis these are Tanacetum corymbosum, Convallaria majalis, Lathyrus niger, partly Quercus cerris and others. These species are present in all the other compared associations to a significant extent.
A synthetic analysis of 93 phytocoenological relevés and multivariate statistical analysis clearly identified five separate groups of relevés (Figure 2 ). The first group is made up of the relevés of the association Hieracio recemosi-Quercetum petraeae (1-20), the second groups consists of the relevés of the association Luzulo forsteri-Quercetum petraeae (21-4), the third group is formed from the relevés of the association Festuco drymeiaeQuercetum petraeae (46-8), the fourth group consists of the relevés of the association Potentillo micranthae-Quercetum petraeae from Zrinska Gora (9-74), and the fifth group is made up of the relevés of the association Melampyro-Quercetum petraeae submediterraneum .
Cluster analysis and other statistical methods also showed the closest similarity between the association Potentillo micranthae-Quercetum petraeae and the association Festuco drymeiae-Quercetum petraeae. Of all the observed associations, that of Luzulo forsteri-Quercetum petraeae proved to be the most different.
The associations from Table 2 were compared in terms of Ellenberg's ecoindicator values of the floristic composition. The kruskal-Wallis test (p<0.0) was used to determine the ecological factors that were important for differentiating the associations. Ratios for light, temperature, humidity, continentality, as well as soil and nutrient reaction, were taken into consideration. The results are given in Table 3 (bold indicates a statistically significant difference between association Potentillo micranthae-Quercetum petraeae and individual associations for each ecological factor).
Taking into consideration all the facts mentioned in the discussion, it can be concluded that the newly established association Potentillo micranthae-Quercetum petraeae shows a high degree of independence and differentiation from other similar associations described to date. In relation to others, it is poorer in species, both in terms of systematic categories to which it belongs and the number of elements from the orders of Fagetalia and Quercetalia pubescentis. Of the spe- cies occurring in acidophilic forests of sessile oak, Genista tinctoria, Chamaecytisus hirsutus and Dicranella heteromalla can be considered characteristic species, whereas Galium sylvaticum, Cephalanthera longifolia, Dianthus armeria and Viola alba can be termed differentiating species. The species Potentilla micrantha, Festuca drymeia and Luzula forsteri are very important for the structure, physiognomy and syndynamics of the association. The relevé number 1 in Table 1 is taken as the nomenclatural type. The final group of diagnostically decisive species and other features will be determined after the association has been investigated in other Pannonian hills of Croatia and neighbouring areas. The forest of sessile oak with pink barren strawberry is predominantly of primary origin, but some stands are in regression due to anthropogenic impacts, irregular cutting operations and the removal of leaf litter. In the progressive direction, the coenosis develops towards forests of sessile oak and sweet chestnut, while regression ends with bracken and heath.
COnClUSIOn
Phytocoenological research conducted in acidophilic forests of sessile oak on Zrinska Gora resulted in the establishment of a new association of sessile oak with pink barren strawberry (Potentillo micranthae-Quercetum petraeae as. nova hoc loco). Growing on dystric cambisol and cambisol of acid to weakly acid reaction, it occurs on southern slopes at elevations from 300 to 600 m. It is subordinated to the alliance Quercion roboripetraeae, the order Quercetalia robori-petraeae and the class Querco-Fagetea. Its characteristic species include Genista tinctoria, Chamaecytisus hirsutus and Dicranella heteromalla, and the differentiating species are Galium sylvaticum, Cephalanthera longifolia, Viola alba and Dianthus armeria. A group of species including Festuca drymeia, Luzula forsteri and Potentilla micrantha is also important for diagnostic identification, structure and syndynamics of the association. Some important species of acidophilic and thermo-acidophilic forests of sessile oak are either absent or are present to a much lesser degree than in other communities. 
